Selected plant species and environmental conditions were investigated for their influences on expression of ice nucleation activity by 15 Pseudomonas syringae strains grown on plants in constant-temperature growth chamber studies. Ice nucleation frequencies (INFs), the fraction of cells that expressed ice nucleation at -5 or -9°C, of individual strains varied greatly, both on plants and in culture. This suggests that the probability of frost injury, which is proportional to the number of ice nuclei on leaf surfaces, is strongly determined by the particular bacterial strains that are present on a leaf surface. The INFs of strains were generally higher when they were grown on plants than when they were grown in culture. (18, 23) and plant frost injury (15). Many frostsensitive plants supercool and avoid damage from ice formation at temperatures above -5°C if INA bacteria are absent (9, 15). When present, these bacteria limit the supercooling of water in plant tissue and incite frost injury. Of the several INA bacterial species, Pseudomonas syringae is the most common and most active (1, 9-11, 13). Different strains and pathovars of this species exist as epiphytes or pathogens on most plant species (1, 3, 13) . Treatments that reduce the population size or ice nucleation activity of epiphytic INA bacteria have resulted in less plant frost injury (9, 11, 12, 16 plants (6, 20). However, the role of ice nucleation in disease reactions between compatible host plants and pathogenic P. syringae strains has not been established. Pathogenic strains should express ice nucleation efficiently on susceptible plants, if this is a factor that determines virulence to such plants. An analysis of the specificity of expression of ice nucleation activity on leaf surfaces would therefore assist in predicting the frost sensitivity of the crops on which they reside, the quantity of nuclei available for release into the atmosphere, and the role of ice nucleation in plant disease.
Bacteria are a major environmental source of ice nuclei that are active at temperatures greater than -10°C (10, 18, 23) . Ice nucleation-active (INA) bacteria are present in water (18) , on plants (1, 9-11, 13, 16) , and in the atmosphere (8, 18) . Bacterial ice nuclei have a proposed role in precipitation processes (18, 23) and plant frost injury (15) . Many frostsensitive plants supercool and avoid damage from ice formation at temperatures above -5°C if INA bacteria are absent (9, 15) . When present, these bacteria limit the supercooling of water in plant tissue and incite frost injury. Of the several INA bacterial species, Pseudomonas syringae is the most common and most active (1, (9) (10) (11) 13) . Different strains and pathovars of this species exist as epiphytes or pathogens on most plant species (1, 3, 13) . Treatments that reduce the population size or ice nucleation activity of epiphytic INA bacteria have resulted in less plant frost injury (9, 11, 12, 16) .
The ice nucleation frequency (INF) of INA bacteria, expressed as the logarithm of the number of cells per ice nucleus in a population of cells at a given assay temperature, varies widely in response to physical and biological factors and among strains (2, 17) . Not every cell expresses the ice nucleation phenotype at a given time (17) . Most measurements of INF have been performed in culture. Consequently, little is known about the natural habitat of INA strains, the variability in INF of different strains on plants, or the influence of different plant species and climatic conditions on this phenotype. One report indicated that cells of a single strain of P. syringae were more likely to produce ice nuclei active at -5 or -9°C when grown in culture than when grown on corn (9) ; however, other variables were not examined. The average INF of INA bacteria on different field-grown plants varies widely (9) , presumably because of uncontrolled factors such as physical environmental condi-tions, chemical or nutritional variables, and the different compositions of INA bacterial strains. The entry of pathogens into susceptible hosts has been associated with frost injury to plants (6, 20) . However, the role of ice nucleation in disease reactions between compatible host plants and pathogenic P. syringae strains has not been established. Pathogenic strains should express ice nucleation efficiently on susceptible plants, if this is a factor that determines virulence to such plants. An analysis of the specificity of expression of ice nucleation activity on leaf surfaces would therefore assist in predicting the frost sensitivity of the crops on which they reside, the quantity of nuclei available for release into the atmosphere, and the role of ice nucleation in plant disease.
The purpose of this study was to examine selected environmental factors for their influence on (14) , pathogenicity on several plant hosts, levan production (7) , oxidase reaction (19) , tobacco hypersensitivity (5) , and arginine dihydrolase reaction (21 onto the surface of a paraffin-coated aluminum foil sheet floating on the surface of a refrigerated circulating ethanol bath that was maintained at -5 or -9°C (14) . The cumulative number of ice nuclei per milliliter active at temperatures of -5 or -9°C or warmer, n(1), was calculated from the fraction of frozen droplets (f) at each of these two temperatures and the volume of each drop (V) in milliliters by the method of Vali (22) as n(l) = In [11(1-f)]!V.
In samples in which ice nucleation activity was low, 30-ml samples of leaf sonicates were centrifuged for 20 min at 28,000 x g, the supernatant was discarded, the cells were suspended in 1 ml of sterile distilled water, and ice nuclei were quantified as described above. Appropriate (Table  2) . Generally, the ice nucleation activities of strains in culture were lower than those after growth on plants (Table  3) (Table 2) . However, mean comparisons identified no case in which the INF of a strain after wet and low light intensity incubation was much different than its INF after dry and bright incubation, relative to the INFs of other strains (Table  3) . Instead, mean comparisons identified INFs of some strains that were significantly different in one environment but equal in others. Because light intensity and humidity were not treated as separate factors in the experimental design, they could not be separated in the analysis.
Plant species differentially influenced bacterial INFs of individual strains at -5°C in both experiments in which strains isolated as pathogens were used, but not in a trial test of strains that were isolated as epiphytes ( 
